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Abstract: The genetic diversity of 11 bread and durum wheat varieties was estimated using germination characteristic
and molecular analysis. The phenotypic data showed highly significant differences between cultivars for germination
speed, germination percentage, seedling length, fresh weight, and dry weight. Simple sequence repeats (SSRs) were used
to examine the genomic diversity of wheat (Triticum aestivum L. and Triticum durum L.). Eleven wheat varieties of diverse
origins were analyzed with 12 selected SSRs to provide uniform and maximum genome coverage. A total of 18 bread
wheat and 20 durum wheat polymorphic allelic variants were detected, ranging from 1 to 4 per locus with an average of
1.5 and 1.7, respectively. Genetic similarities calculated from SSR data ranged from 0.286 to 1 for bread wheat and 0.333
to 0.818 for durum wheat. Unweighted pair group method with arithmetic mean (UPGMA) analysis based on genetic
distance estimates produced 2 loose groupings that were generally consistent with available pedigree information. Cham
6 and Cham 4 were closely related. Their genetic relationship was confirmed by the facts that they share a common
ancestor and that they were clustered together. A wide range of genomic diversity was observed among all the genotypes,
indicating them as prime candidates for selective breeding for specific traits and broadening the genetic base.
Key words: Wheat, plant genetic resources, genetic relationships, SSR, dendrogram

Sulaimanyah’taki bazı buğday varyetelerinin SSR marker ile fenotipik ve
moleküler karakterizasyonu
Özet: 11 adet ekmek ve koyu buğdayı (durum wheat) çeşidinin genetik çeşitliliği üreme karakteristiği ve moleküler
analizler kullanılarak tahmin edildi. Kültürler için üreme hızı, üreme yüzdesi, tohum genişliği, taze ve kuru ağırlık
arasında anlamlı bir fark olduğu fenotipik datadan tespit edildi. Basit tekrar dizileri (SSR) buğdayın (Triticum aestivum
L. ve Triticum durum L.) genomik çeşitliliğini incelemek için kullanıldı. Değişik kökenli 11 buğday çeşidi değişmeyen
ve maksimum genom kapsamını bulmak amacıyla seçilmiş 12 SSR ile analiz edildi. Ortalama 1,5 ve 1,7 ile her lokusun
1 ile 4 arasında 18 (ekmek buğdayı) ve 20 (koyu buğday) polimorfik alelik varyantlarının değiştiği tespit edildi. Genetik
benzerliklerin ekmek buğdayı için 0,286 ile 1 ve koyu buğday için 0,333 ile 0,818 arasında değiştiği basit tekrar
dizilerinden hesaplandı. Genetik uzaklığa dayalı UPGMA (Aritmetik ortalamalı Ağırlıksız Çift Grup Yöntemi) analiz
tahminleri genellikle kullanışlı soy ağacı bilgisiyle ilişkili iki şüpheli grup üretti. Cham 6 ve Cham 4 yakından ilişkiliydi.
Bunların genetik ilişkileri ortak bir atadan geldikleri ve birlikte kümelendikleri gerçeğiyle doğrulandı. Geniş çaptaki
genomik çeşitlilik genetik bazları genişletme ve belirli özellikler için seçici üretim amacıyla tüm genotipler arasında
gözlemlendi.
Anahtar sözcükler: Buğday, bitki genetic kaynakları, genetic ilişki, SSR, dendrogram
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Introduction
Wheat is one of the most important food crops in
the world. Rapidly emerging cultivars are valuable
because rainfall after sowing may result in a soil crust
that prevents the wheat coleoptile or first leaf to
emerge. Additionally, early emerging crops can
maximize water utilization, leading to better stand
establishment and grain yield. Therefore, identifying
the seedling characteristics associated with the best
seedling vigor is very important. Genetic
improvement and germplasm innovation of wheat are
the basic tasks in wheat breeding programs. Wheat is
the largest grain crop produced worldwide and has
been extensively studied for a wide range of
agronomic traits located across the genome. Its large
chromosomes and the capacity of the polyploidy
genome to tolerate the addition or loss of
chromosomes facilitated rapid progress in early wheat
genetics using cytogenetic techniques. Identification
of genetic diversity is one of the most important tools
in plant breeding. Morphological and cytogenetic
traits used at present are unstable, time-consuming,
and affected by environmental conditions, but
molecular markers are stable (1). Researchers have
characterized some durum wheat varieties by
molecular marker (1). Biochemical markers such as
isozymes, seed storage proteins, and DNA-based
markers such as restriction fragment length
polymorphisms (RFLPs) and random amplified
polymorphic DNA (RAPD), have been used to
evaluate genetic diversity among wheat landraces.
Other molecular markers, such as microsatellites and
amplified fragment length polymorphisms (AFLPs),
have also been used to study genetic relationships
between wheat species. Among all these molecular
markers, SSR and RAPD markers are simple, userfriendly, and cost- and time-effective. They have been
used successfully for evaluating plant genetic
resources in wheat genotypes (2,3). Joshi et al. (2)
used the RAPD method for the detection of
polymorphism among wild and cultivated tetraploid
wheat. The relationship between hybrid performance
and genetic diversity based on RAPD in bread wheat
was estimated by Liu et al. (3).
Microsatellite markers, also known as SSRs, have
been proposed as suitable markers for assessment of
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genetic variation and diversity among wheat varieties
and lines. SSRs are multiallelic, chromosome-specific,
and evenly distributed along the chromosomes (4).
Diversity estimates based on molecular markers and
coefficient of parentage (COP) values can predict the
level of heterosis (5) and variation among segregating
progenies (6). SSRs provide highly informative
markers because they are co-dominant (unlike
RAPDs) and generally have high polymorphic
information content (7). Random amplified
polymorphic DNA (RAPD) markers can be used to
detect DNA polymorphism without the need for
predetermined genetic data. Each product is derived
from a region of the genome that contains 2 short
segments in inverted orientations, on opposite strands
that are complimentary to the primer and sufficiently
close together for the amplification to work (8,9).
Comparative studies of RAPD and SSR markers in a
wide range of crop species, including corn (10),
soybean (11), barley (12), sorghum (13), rice (14), and
wheat (15), have generally revealed good congruence
between the genetics patterns shown by the 2 genetic
markers. Our objective was to investigate and
compare the genetic relationships among wheat
cultivars using molecular data obtained from SSR
profiles. In addition, this study aimed to find the
relationship between the phenotyping and genotyping
analysis in order to use the best variety in breeding
programs. We used these varieties because they are
more cultivable in our region.
Materials and methods
Plant samples
The grains of wheat varieties (bread wheat:
Costantino, Tammuz, Aras, Rabia, Cham 4, Cham 6,
and durum wheat: Creso Kurde, Creso Italy, Ovanto,
Bakrajo 1, Acsad 65, Cemmitto) were collected from
the Agriculture Department of Ministry of
Agriculture in Sulaimanyah (Table 1). All varieties
used in this study are genetically pure. We used these
varieties because they are more cultivable in
Sulaimanyah. The analysis of these varieties leads to
the collection of information about the genetic
diversity at the genome level. The SSR analysis can be
useful to the selection of cultivars containing good
properties in the breeding program in Iraq.

N. A. R. TAHIR

Table 1. Plant height and 1000-seed weight of bread and durum
wheat varieties.
Varieties

Plant height (cm)

1000-seed weight (g)

Bread wheat
Tammuz
Rabia
Aras
Cham 6
Cham 4

109.5
90.08
112.12
107.9
78.14

40.8
35.62
41.82
39.67
36.34

Durum wheat
Acsad 65
Bakrajo 1
Cemmitto
Creso Kurde
Ovanto
Creso Italy

78.21
99.41
76.31
87.04
72.17
90.22

39.54
40.94
55.41
57.53
48.15
52.43

Germination characteristic
The experiment was conducted according to a
completely randomized design (CRD) in a simple
experiment with 3 replicates. Each replicate included
20 seeds per variety. The seeds were surface-sterilized
in 5% sodium hypochlorite for 20 min and
immediately washed several times with distilled water
before use. The seeds were germinated on filter paper
moistened with water in petri dishes, and placed in a
seed germinator at a temperature of 13 °C.
Measurement of characters
A seed was considered germinated if plumule and
radicle emerged and were >2 mm in length (16). The
germination percentage was calculated using this
equation: GP = seeds germinated/total seeds × 100.
Speed of germination was defined as the number of
seeds germinated during a limited period. We made 2
counts per day (at 8:00 and 14:00). Seven days after
placement of the seeds in petri dishes, seedling length
(SL) was measured. In addition, fresh weight (FW)
and dry weight (DW) of the sampled seedlings were
also taken.
Molecular analysis
DNA extraction
DNA was isolated from bulks containing equal
quantities of leaf tissues from 10 plants. Leaves were
collected and frozen in liquid nitrogen. Leaf material
was then crushed to make a fine powder. One
hundred milligrams of fine powder was used for DNA

extraction. Five hundred microliters of CTAB buffer
(1.4 M NaCl, 100 mM Tris, 20 mM EDTA, pH 8, 2%
CTAB) was added to each Eppendorf tube containing
the crushed leaf material and was thoroughly mixed by
pipetting. The mix was incubated for 60 min at 60 °C.
An equal volume (500 μL) of chloroform:isoamyl
alcohol (24:1) was added and tubes were then shaken
until a homogeneous mixture was obtained. Samples
were then centrifuged at 10,000 rpm for 7 min in a
bench centrifuge. The aqueous phase was transferred
to a fresh tube. Ammonium acetate (0.08 volumes of
7.5 M) and cold isopropanol (0.54 volumes) were
added in the tube and were mixed gently to precipitate
the DNA at -80 °C for 1 h. Samples were centrifuged
at 10,000 rpm for 7 min to pellet the DNA. After
discarding the supernatant, the pellet was washed 3
times with 70% ethanol. The pellet was dried at room
temperature for 1 h and re-suspended in 40 μL of TE
buffer (10 mM Tris, 1 mM EDTA, pH 8.0). In order to
remove RNA, DNA was treated with 40 μg RNAse-A
at 37 °C for 1 h and stored at 4 °C until use. Then a 1:5
dilution of DNA was made in double distilled
deionized and autoclaved water for use in polymerase
chain reaction (PCR).
PCR conditions
The amplification reaction contained 1× PCR mix,
1.5 mM MgCl2, 0.2 mM dNTP, 50 ng of each primer,
1 U Taq polymerase and 20 ng template DNA. The 12
wheat SSR markers tested were Xgwm626, Xgwm508,
Xgwm459, Xgwm518, Xgwm193, Xgwm219,
Wmc748, Wmc786, CFD1, CFD13, CFE2, and
CFE125 (Table 3). Amplifications were performed in
a Biometra gradient thermocycler with the following
cycling profile: an initial denaturation at 94 °C for 5
min, followed by 40 cycles of 30 s at 94 °C, 1 min at 50,
55, 60 and 61 °C (depending on the individual
microsatellite) and 2 min at 72 °C, with a final
extension for 10 min at 72 °C. PCR products were
mixed with 1/5 volume of loading buffer and
separated on a 3% (w/v) agarose gel in 1× TAE at 70
V for 2 h. The gels were then stained in a 0.4 μg/mL
ethidiumbromide bath and the DNA fragments were
visualized under UV light.
Data analysis
The data obtained by the SSR technique were
scored in binary form as the presence or absence (1/0)
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of bands for each sample. SPSS was used to calculate
DICE similarity coefficient and variance. The
similarity matrices were converted into distances
matrices and used to generate dendrograms by
unweighted pair group method with arithmetic mean
(UPGMA) analysis. The treatment means were
compared using least significant difference (LSD) at
a 5% level of significance.
Results and discussion
Germination characters
Analysis of variance of the phenotypic data (Table
2) showed highly significant differences between
cultivars for germination speed, germination
percentage, seedling length, fresh weight, and dry
weight. For bread wheat, Rabia had the highest speed
of germination, while Cham 6 had the lowest value.
On the other hand, the varieties Tammuz, Rabia, and
Aras revealed the highest value for germination
percentage, seedling length, fresh weight, and dry

weight, and the varieties Cham 4 and Cham 6 showed
the lowest value of germination percentage and
seedling length. For durum wheat, Cemmitto showed
the highest speed of germination and Bakrajo 1
showed the lowest value. On the other hand, the
variety Acsad 65 gave the highest germination
percentage, while Creso Kurde showed the lowest
value. For seedling length, the variety Creso Italy
showed the highest value and the variety Cemmitto
had the lowest value. For fresh and dry weight,
Cemmitto, Creso Kurde, and Creso Italy showed the
highest values and Acsad 65, Bakrajo 1, and Ovanto
showed the lowest values. The close relationship
between germination seed of wheat and alpha amylase
activity at various temperatures has been reported by
Sultana et al. (17). Hasan et al. (18) studied the
relationship between germination characters and
reserve mobilization during germination under
variable temperatures. The researchers showed that
the fast speed of germination might be due to rapid
hydrolysis and mobilization of seed reserves through
higher alpha amylase activity.

Table 2. Presentation of agronomical characters related to the germination in wheat varieties.
A. Bread wheat
Varieties

SGS

SGE

GP

SL

FW

DW

Tammuz
Rabia
Aras
Cham 6
Cham 4
LSD

28.34 b
23.56 c
28 b
35 a
35 a
1.82

82 b
74 c
82 b
86 a
84 ab
2.71

95 a
95.33 a
94 a
71.66 c
74.33 b
2.28

31.08 a
31 a
32.33 a
25 b
23.13 b
1.91

0.266 c
0.282 b
0.311 a
0.252 cd
0.242 d
0.0145

0.0221c
0.0264 b
0.029 a
0.019 d
0.0186 d
0.00181

SGS

SGE

GP

SL

FW

DW

23.34 d
35 a
19.667e
25 c
31 b
25 c
1.64294

72 c
86 a
64.66 d
72 c
81.33 b
72 c
2.492

94.33 a
94 a
93.33 ab
90.33 c
91.66 bc
93.33 a
2.2606

32.69 d
34.85 bc
32.33 d
36.13 ab
34.33 c
37.15 a
1.47384

0.357 c
0.306 d
0.42 b
0.441 a
0.363 c
0.432 ab
0.01602

0.030 c
0.026 d
0.036 a
0.037 a
0.032 b
0.036 a
0.00178

B. Durum wheat
Varieties
Acsad 65
Bakrajo 1
Cemmitto
Creso Kurde
Ovanto
Creso Italy
LSD

SGS: Start germination speed, SGE: End germination speed, GP: Germination percentage, SL: Seedling length (Shoot and Root), FW:
Fresh weight, DW: Dry weight. Means followed by the same letter (s) did not differ significantly at level 5% by LSD.
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Table 3. Nucleotide sequences and genome location of the 12 primers used in this study.
Primer name

Sequence 5´

3´

Xgwm193

Forward: CTT TGT GCA CCT CTC TCT CC
Reverse: AAT TGT GTT GAT GAT TTG GGG

6B

Xgwm219

Forward: GAT GAG CGA CAC CTA GCC TC
Reverse: GGG GTC CGA GTC CAC AAC

6B

Xgwm459

Forward: ATG GAG TGG TCA CAC TTT GAA
Reverse: AGC TTC TCT GAC CAA CTT CTC G

6A

Xgwm508

Forward: GTT ATA GTA GCA TAT AAT GGC C
Reverse: GTG CTG CCA TGA TAT TT

6B

Xgwm518

Forward: AAT CAC AAC AAG GCG TGA CA
Reverse: CAG GGT GGT GCA TGC AT

6B

Xgwm626

Forward: GAT CTA AAA TGT TAT TTT CTC TC
Reverse: TGA CTA TCA GCT AAA CGT GT

6B

CFD1

Forward: ACCAAAGAACTTGCCTGGTG
Reverse: AAGCCTGACCTAGCCCAAAT

6BD

CFD13

Forward: CCACTAACCAAGCTGCCATT
Reverse: TTTTTGGCATTGATCTGCTG

6BD

WMC748

Forward: CCAGCCCAGATGCTTCAATG
Reverse: ACGTGGGTGCAATTCTCAGG

6ABD

WMC786

Forward: GGGTCACCAACCCGCTC
Reverse: CGTGGGTGCAATTCTCAGG

6ABD

CFE125

Forward: AGGACTTGGCCCTAACGC
Reverse: AACGATGGAACAAGGAAACG

6AB

CFE2

Forward: CTTCGCCGACAAGAAGAAGT
Reverse: CGGCACGTACTCCACCTC

6ABD

Molecular analysis
The introduction of molecular markers in plant
breeding has presented a valuable tool for the
characterization of genetic materials. Of these, the
RAPD markers have been successfully used in wheat
germplasm evaluation because of their many
advantages. The 11 wheat cultivars of diverse origins
were evaluated using 12 microsatellites. These
microsatellites were selected on the basis of their
known genetic locations to give a uniform coverage
for all 3 wheat genomes (A, B, and D). The markers
selected were from the published sequences of Röder

Location

et al. (4). Electrophoresis of PCR products on 3%
agarose gels containing ethidium bromide revealed
different degrees of polymorphism for different
primers (Figure 1). A total of 18 polymorphic alleles
for bread wheat and 20 polymorphic alleles for durum
wheat were detected (Table 4). The number of alleles
ranged from 1 to 3 for bread wheat and from 1 to 4
for durum wheat. The minimum number of
polymorphisms was 1 for bread wheat and durum
wheat. The maximum number of polymorphisms
observed was 3 for bread wheat and 4 for durum
wheat. Among them, 10 primers combination showed
polymorphism.
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A

M

1

2

3

4

5

B
M

1

2

3

4

5

6

Figure 1. An example of an SSR banding pattern obtained from primer CFD1 (A) and CFD13 (B) in 11 varieties of wheat.
A. Bread wheat: M = Marker (High Range DNA ladder 1 kb), 1 = Cham 4, 2 = Cham 6, 3 =Aras, 4 = Rabia, 5 = Tammuz.
B. Durum wheat: M = Marker (High Range DNA ladder 1 kb), 1 = Acsad 65, 2 = Bakrajo 1, 3 = Cemmitto, 4 = Creso Kurde, 5
= Ovanto, 6 = Creso Italy

Table 4. Effectiveness of SSR marker in detecting polymorphism of wheat varieties.

Number of assay units (primer)
Total bands scored
Polymorphic fragment scored
Percentage of polymorphism
Number of monomorphic alleles
Minimum polymorphism scored per pair primer
Maximum polymorphism scored per pair primer
Average polymorphism scored per pair primer

The similarity matrix based on all possible pairs of
varieties ranged from 0.286 to 1 for bread wheat and
from 0.333 to 0.818 for durum wheat (Tables 5 and 6).
The lowest pairwise similarity matrix value was found
between Tammuz and Rabia (0.286) for bread wheat
and between Acsad 65 and Creso Kurde (0.333), and
Ovanto (0.333) for durum wheat. The reason for this
lower similarity matrix was that the varieties had
different original parents. The highest pairwise
similarity was found between Cham 6 and Cham 4
(1.00) for bread wheat and between Creso Kurde and
Ovanto (0.818) for durum wheat. The reason for this
higher similarity was that the 2 varieties had the same
parents.
A dendrogram based on genetic similarity
discriminated bread wheat (Figure 2). Two of the
varieties, Cham 4 and Cham 6, were closely grouped,
indicating their genetic similarities. There were 2
different subgroups that represented a wide genetic
114

Bread wheat

Durum wheat

12
28
18
64.28
2
1
3
1.5

12
26
20
76.92
2
1
4
1.7

diversity pattern among all the varieties. For bread
wheat, group 1 included Cham 4, Cham 6, and Rabia,
while group 2 included the varieties Tammuz and
Ovanto. For durum wheat, group 1 included Ovanto,
Creso Kurde, and Creso Italy, while group 2 included
Cemmitto, Acsad 65, and Bakrajo 1 (Figure 2). The
results show that it is possible both to classify the
genetic diversity of genotypes and to achieve the
highest genetic diversity using SSRs, as indicated by
cluster analysis. In previous studies, a higher number
of wheat genotypes of the same origin have been
analyzed using different DNA marker systems that
produced genetic diversity or similarity levels within
a specific group of genotype (19,20). The genetic
relationship between durum wheat genotypes have
been extensively studied based on morphology (21),
agronomic traits (22), and enzymatic and molecular
markers (23,24). The microsatellites or inter simple
sequence repeat (ISSR) markers and randomly
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Table 5. Similarity matrix showing the relationship among the bread wheat varieties
based on SSR data.
Varieties

Tammuz

Tammuz

1

Rabia

Aras

Cham 6

Rabia

0.286

1

Aras

0.632

0.444

1

Cham 6

0.421

0.556

0.5

1

Cham 4

0.421

0.556

0.5

1

Cham 4

1

Table 6. Similarity matrix showing the relationship among the durum wheat varieties based on SSR data.
Varieties
Acsad 65
Bakrajo 1
Cemmitto
Creso Kurde
Ovanto
Creso Italy

A. Bread wheat

Acsad 65

Bakrajo 1

Cemmitto

Creso Kurde

Ovanto

Creso Italy

1
0.421
0.5
0.333
0.333
0.571

1
0.571
0.435
0.435
0.421

1
0.5
0.5
0.625

1
0.818
0.667

1
0.667

1

Rabia
Aras
Tammuz
Cham 4
Cham 6

B. Durum wheat

Ovanto
Creso Kurde
Creso Italy
Cemmitto
Ascad 65
Bakrajo 1

Figure 2. Dendrogram of bread wheat (A) and durum wheat (B) varieties showing the genetic similarity based on SSR data by UPGMA
cluster analysis.

amplified polymorphic DNA (RAPD) markers have
proved to be the most polymorphic markers in wheat,
and hence are highly useful markers for various
applications in wheat (25,26). Apart from using them
in diversity analysis, ISSR markers have been shown
to be associated with various agronomically
important traits, namely, dwarfing and vernalization
response (27), leaf rust resistance (28), kernel
hardness (29), cadmium uptake (30), preharvest
sprouting tolerance (31), protein content (32),
resistance to common bunt (33), powdery mildew
resistance (34), kernel traits (35), flour viscosity (36),
and seed size in wheat (37). Thus, it should be possible
to establish a collection of highly polymorphic SSRs
for genetic diversity studies, cultivar identification,
and plant variety protection in wheat, as has been

proposed for soybean (38). In a study of 6 wheat
cultivars, Nagaoka and Ogihara (26) showed that
genetic relationships estimated by ISSR (intersimple
sequence repeat) markers were identical with those
from RFLP and RAPD markers. Genotypes with the
most distinct DNA profiles were likely to contain the
greatest number of novel genes and to carry unique
and potentially agronomically useful genes. This
strategy resulted in a high proportion of new and
useful alleles at quantitative trait loci in rice and
tomato (39). The genetic diversity levels observed in
this study were found to be useful indicators if such an
approach is planned for the wheat genome. This
makes genomic diversity estimates a potentially
valuable predicting source for selecting diverse parent
genotypes for favorable heterotic combinations in a
115
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wheat improvement program that aims to broaden the
genetic basis and progeny performance for complex
traits such as yield or partial disease resistance (6).

providing the seeds and LNCV, and Dr. Vincenzo
ROSSI and Dr. Rita REDAELLI for their help and
support of this work.

Summarizing all results obtained from
germination characteristic and SSR analysis, we can
conclude that the varieties were different
genotypically and phenotypically.
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